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Preparation of the cracked powder version
The micro-reactor treated slurry made from the same materials as MagCE was dried at 90 o C using an oven and the obtained cluster was ground (10000 rpm, 1 min) using a power mill (PM-2005, Osaka Chemical, Osaka, Japan).
Quantitative measurement of the radioactivity of strontium Empore TM Strontium Rad Disks (3M) were used to selectively adsorb the strontium ions from the fly ash slurry S1 . The radioactivity of the strontium-adsorbed disks was measured using an automatic low background / counting system (type Series 5 XLB, Canberra).
Focused ion beam milling (FIB) and scanning electron microscopy (SEM)
The gallium ion beam of the FIB was used to cut the areas of interest, which were imaged with the electron beam of the SEM S2 . To protect the uppermost surface of the MagCE sample, the particles were coated with layers of carbon and a tungsten layer using a vacuum deposition apparatus and FIB processing (Dual beam (FIB/SEM) system Nova200 Nano-lab), respectively. Sections of two of these layer-protected MagCE particles, one section measuring 1/6 and the other 1/2 of the particle, were removed using this FIB/SEM system (acceleration voltage: 30 kV), and examined for their nanostructure using the FIB/SEM system (acceleration voltage: 5 kV).
SEM-energy dispersive X-ray spectroscopy (EDX)
SEM and EDX were performed at 20 kV using a microscope (S-4700, HITACHI, Tokyo, Japan) combined with an EDX apparatus (EMAX X-Max, Horiba, Kyoto, Japan) S3 .
Transmission electron microscopy (TEM) and TEM-EDX TEM and EDX were performed at 200 kV (resolution: 1 nm) using a JEM-2010F microscope (JEOL, Tokyo, Japan) and an EDX apparatus (Vantage, Thermo-Noran, Middleton, WI, US). EDX line scan analysis moves the probe linearly along the indicated line S4 .
Quantitative measurement of magnetic properties S5
The magnetic properties of each sample were measured in a magnetic field of 10 kOe using a vibrating sample magnetometer (VSM-P7, Toei Industry Co., Limited, Tokyo, Japan).
Quantitative measurement of the size and the incremental pore volume associated with the peak pore Particle size distribution was measured using a laser diffraction particle size analyzer (HELOS, Sympatec, Clausthal-Zellerfeld, Germany) combined with a dry dispersion unit (RODOS, Sympatec) S6 . Pore volume distribution was determined by mercury intrusion porosimetry using an automated mercury porosimeter (Maximum pressure: 60000 psi; AutoPore IV 9510, Micromeritics, Norcross, GA, US) S7 . The BET surface area was analyzed using a 4-SORBU2 (Yuasa-Ionics Co., Ltd., Osaka, Y. Namiki et al.
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Japan) having four independent analysis stations S8 .
-potential analysis
The surface electrical charge (-potential) of each particle was analyzed with an electrophoretic light scattering spectrophotometer (Zetasizer Nano ZS; Malvern Instruments, Worcestershire, UK), as described previously 24 . Each particle was suspended in DW and the pH was adjusted by the addition of 0.01M HCl or 0.01M NaOH.
X-ray diffraction (XRD) analysis S9 X-ray diffraction (XRD) analysis was performed to determine the crystalline phase of the samples, as described previously. XRD data were acquired by means of a coupled Theta: 2-Theta scan on a RINT-2100 (Rigaku) diffractometer equipped with a cobalt x-ray tube, parafocusing optics, computer-controlled variable slits and a diffracted beam monochromator (40 kV/30mA, 2= 10-80 o ).
Raman spectroscopy S10
Raman spectroscopy (Horiba LabRAM HR-800) was performed to investigate the chemical composition of MagCE.
FT-IR S11
Fourier transform-infrared (FT-IR) spectroscopic measurements were performed using an FT-IR 6100 device (JASCO Corporation, Tokyo, Japan; resolution: 4cm -1 ; the repetition of measurement: 100 times) and Infrared microscope IRT-1000 (JASCO).
XRF measurements S12
The major and trace elements of the fly ash powder were determined using the wavelength-dispersive X-ray fluorescence spectrometer (ZSX100e, Rigaku, Japan).
SUPPLEMENTARY RESULTS AND DISCUSSION
Sprayed air volume-dependent structural properties and degree of cesium-decontamination of MagCE Here, we evaluated the size distribution, degree of specific surface area and cesium-elimination capacity of MagCE (sprayed air volume: 414 to 670 L/h; these volumes were achieved when the floating ball-height of airflow meter (rotameter) was 35 to 55 mm) compared with the bag filter-trapped MagCE (MagCE BAG ) and the ground cracked powder made from the same materials ( Fig. S1-S2 , Supporting Information). The micro-reactor-treated mixture of PDDA-coated magnetic nanoparticles and ferrocyanide salt, which was synthesized as an intermediate product before the spray dryer process of MagCE-preparation, was dried using an oven and the ground. Finally, we obtained the ground cracked powder. To reveal the merit of MagCE over such ground cracked powder, we carried out a comparison.
The average sizes of MagCE decreased (size: 10.3 to 4.38 m) according to the volume of the sprayed air, and the MagCE BAG and cracked powder sizes were 1.68 and 19.4 m, respectively. The size distribution of the cracked powder was much broader than MagCE and MagCE BAG .
The peaks of the pores of MagCE exhibited decreased with air volume-dependency (size: 3.06 to Y. Namiki et al.
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1.47 m) at the incremental pore volume of 0.078 to 0.45 mL/g, and one peak of the MagCE BAG was 0.393 m at the incremental pore volume of 0.261 mL/g. The cracked powder had twin peaks at the incremental volumes of 0.0313 and 0.0280 mL/g when the mean diameters were 3.08 and 4.92 m.
The specific surface area decreased in an air volume-dependent manner (1.97 to 1.54 m 2 /g) (Table   1 ).
Subsequently, we demonstrated the performance of MagCE in an elimination test of radioactive cesium after the direct addition of MagCE to the fly ash slurry. Initially, we compared the radioactivity of the slurry treated with MagCE, MagCE BAG and the cracked powder. MagCE displayed maximum elimination activity at 414 to 536 L/h of sprayed air volume (the floating ball-height: 35 to 45 mm). Among these air volumes, the loss of the obtained MagCE was the smallest at 536 L/h of sprayed air volume.
Thus, taken together, a sprayed air volume of 536 L/h seems optimal for the adsorption of cesium and magnetic separation of the cesium-adsorbed MagCE particles that were mainly affected by the particle size and specific surface area of MagCE. Hence, in this study, we decided to use MagCE prepared at a 536 L/h sprayed air volume for further investigation.
Reaction-time-and concentration-dependent degree of cesium-decontamination of MagCE
We then evaluated the reaction time-dependent radioactivity of magnetically decontaminated fly ash slurry after mixing it with MagCE (wt.% per fly ash: 0.1) (Fig. S3a , Supporting Information).
The degree of cesium elimination by MagCE was maximally 3.8 times greater than that of the cracked powder. In particular, for the reduced reaction time, the predominance of MagCE was necessary. The decontamination rate reached almost a plateau when the reaction time was 12 h, so we decided the reaction time should be 24 h for further investigation. We then assessed the concentration-dependent radioactivity of the slurry after treatment with MagCE ( S3. Sasaki, T., Debari, K. & Garant P.R. Ameloblast modulation and changes in the Ca, P, and S content of developing enamel matrix as revealed by SEM-EDX. J. Dent. Res. 66, 778-783 (1987 63, 6-12 (1984) . S10. Verma, S.P., Wallach, D.F. & Schmidt-Ullrich, R. The structure and thermotropism of thymocyte plasma membranes as revealed by laser-raman spectroscopy. Biochim. Biophys. Acta. 394, 633-645 (1975) . Opt. 17, 1374-1385 (1978) . S12. Mori, H. et al. New nonradioactive microspheres and more sensitive X-ray fluorescence to measure regional blood flow. Am J Physiol 263, 1946-1957 (1992) .
Table S1
Chemical composition and radioactivity of four types of fly ash from different refuse incineration plants Table S1 , Supporting Information) was used in this study.
Data are expressed as the mean ± SD. All samples for the assay were prepared in triplicate. Fig. S4, Supporting Information) , the radioactivity of the slurry was measured using an Na-I scintillator. Data are expressed as the mean ± SD. All samples for the assay were prepared in triplicate. 
Figure S8
Detailed structure of bar-type magnetic separator equipped with a Z-axis stage and shaker The powder of the dried insoluble component of fly ash was obtained using a power mill (10000rpm, 90 sec).
